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Abstract 
The paper aims to show the value in-depth case studies in determining resource allocation. This paper seeks to 
address the following question: How can the optimal quantity of chemicals be determined so as to lead to higher 
production and profit? In order to answer this question, a piece of research was carried out on the statistics of 
production functions. The objectives of this research are to: describe the type of farms and their management in 
order to establish the ability to apply production factors; describe the types of factors and their influence on the 
farms economy; identify the mathematical connection between two variables (one factor and one product); find 
optimal solution. The research will focus on the analysis and role of a case study in determining best 
relationship between nitrogen based chemicals and corn production. The link between nitrogen-based chemicals 
and average corn production will be established, alongside maximum hectare crops and maximum profits in 
relation to the use of particular chemical doses. An optimal zone where these indicators are related will be 
identified. Beyond that level, increased doses will lead to diminished production and increased costs. 
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1. Introduction 
 
One of the most significant current discussions in farm management is optimal resource allocation. It is 
becoming increasingly difficult to ignore such issues, because resource or production factors represent one of the 
leading causes of farm failure in Romania. Equally, these resources are an important component in the climate 
system, and play a key role in agricultural activity. There are many different types of factors, if we look from the 
point of view of certain criteria. One of the most significant criteria is the link between production and factors. 
From this point of view the factors of production are fixed and variable. The variables are chemicals, seeds, 
forages, irrigation water. Variable factors are essential for production and expenditure perspective. Variable 
factors shall be amended every year or even sooner. Increasing the amount of variable factors, in respect of 
production, means the degree of intensity of the production system in the farm. Variable are combined with fixed 
factors, determining a certain level of production. Variable factor must be studied from the allocation point of 
view, because of their essential role in farm results. Of particular relevance in this classification is whether they 
such factors are cost carriers or not. Rational use is required in both cases. The former will influence the level of 
production costs, while the latter category enhances production results and contribute to obtaining products at a 
fair cost. The main factors that contribute to production processes are variables such as working capital 
(chemicals, water, seeds). Indeed, these factors contribute to achieving production, but can have a negative 
influence on the production quality and environment, if the dose allocated is too high. Therefore, the use of 
production factors may generate extra-expenditures and for that reason require careful monitoring. To that end, 
we need to keep under control the consumption of factors and therefore the costs which they may generate, as 
such costs correlate with the volume of production. In addition, the costs are involved in profit calculation.  
2. Material and method 
Study and knowledge about chemicals provide those managing farms, useful information for making 
decisions when resorting to their use (dosing of fertilizer per hectare). Decision making optimal use of 
production factors is resorting to different methods such as statistical, mathematical or operational research. 
Among them a wider appreciation enjoys economic production function. This study refers to optimum 
correlation between quantity of chemicals and production of corn, using method of production function.  The 
mathematical function has form y=a0+a1x+a2x2 determined by experimental data (xi, yi ), i=1,…,n., where x 
represents quantity of chemicals and y corn production as a result of chemicals doses. Adjusting experimental 
data (xi, yi), i = 1, ..., n with the second degree polynomial function y=a0+a1x+a2x2 is done using Last Square 
Method, which is built with using partial derivatives normal system of equations. 
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To solve this system use Cramer's rule. 
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Also, 
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ǻ is a determinant of coefficients normal system. 
Average of the variable, Y , using the well known formula:
1 2 ... nY Y YY
n
   
              (6)
 
The correlation coefficients mathematical formula is: 
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The standard error of the estimate, Sest,`  was also required to be determined as a measure of the accuracy of 
predictions, using the formula given below: 
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where Y is the actual value, Ycalc is a predicted value, and N is the number of pairs of values.  
Also, the determination coefficient or R squared, R2, was calculated using the formula: 
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In agriculture, a production function relates physical output (i.e. production, profit, incomes, expenditure) of 
a production process to physical inputs or factors of production (quantifiable). Also, the production function 
relates the maximum amount of output that can be obtained from a given number of inputs. The key points of 
production function are in accordance with marginal theory, respectively factors of production as input, 
production and income as output or result and marginal product or other indicators which define marginal utility. 
Beyond these, allocation decisions and combining the conditions of application of factors related solely to how 
the acting managing farms. The data means nitrogen based chemical and crop production used in this paper are 
experimental [8, 9]. Also, prices of crop, expenditures and cost of chemical are from farmer’s database. 
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3. Results and discussions 
3.1. Resource allocation in agriculture 
Starting from a general classification of resources this section discusses also the types and importance of 
factors in order to establish optimal combination leading to appropriate allocation. In economics, resources are seen 
as factors of production which contribute to goods manufacturing. Actually, resources are defined as a reserve 
source or mean likely to be used a certain time. As resources are integrated into production, they become factors of 
production. According to economic theory, a factor of production is used to create value and allow economic 
performance. Production factors are components of the array of elements that take part in the production of goods, 
in this case agriculture, and on which the development of production is based [8, 9].There are three basic factors of 
production: land, work and capital (classical factors). Land includes not only the site of production but natural 
resources above or below the soil. The factor land may, however, for simplification purposes, be merged with 
capital in some cases (due to land being of little importance in the service sector and manufacturing).  
Recent usage has distinguished human capital (the stock of knowledge in the labor force) from labor [5]. 
Human capital means abilities, intellectual capacity, education and training, whether formal or on the job. Capital 
includes, also, the financial capital raised to operate and expand a business. In much of economics, however, capital 
means goods that can help produce other goods in the future, the result of investment. It refers to machines, roads, 
factories, schools, infrastructure, and office buildings which humans have produced in order to produce goods and 
services. Fixed capital includes machinery, equipment, new technology, buildings, computers, and other goods that 
are designed to increase the productive potential of the economy for future years. This type of capital does not 
change due to the production of the good. Working capital includes the stocks of finished and semi-finished goods 
that will be economically consumed in the near future or will be made into a finished consumer good in the near 
future. These are often called inventory. Financial capital is simply the amount of money the initiator of the 
business has invested in it. Financial capital often refers to his or her net worth tied up in the business (assets minus 
liabilities) but the phrase often includes money borrowed from others. 
Neoclassical economics consider information, management, research, knowledge as factors of production. 
Entrepreneurship is also sometimes considered a factor of production [7]. In management, entrepreneurs 
combine factors of production such as land, labor and capital, in order to make a profit. Often entrepreneurs are 
seen as innovators who develop new ways of production and new products. Sometimes the overall state of 
technology is described as a factor of production [3]. Technology is an active factor which has a relevant 
contribution in production achieving. 
Taking into account all of these the research could be relevant for those who make decisions as farmers or 
entrepreneurs. At the same time, such knowledge can represent a tool for achieving environmental improvements 
in agriculture in designing and promoting of the best management practices. 
In order to establish optimal combination among production factors and production level or profit many 
different approaches have been proposed to solve this issue. As a support are used theories from economics such 
as marginal utility (Gossen's laws and Pareto efficiency). Marginal utility refer to marginalism. Generally, the 
phenomenon of marginalism explains choice with the hypothesis that people decide whether to effect any given 
change based on the marginal utility of that change, with rival alternatives being chosen based upon which has 
the greatest marginal utility. Another people studied marginal utility [4]. They highlighted that the marginal 
decision rule states that a good or service should be consumed at a quantity at which the marginal utility is equal 
to the marginal cost. The interpretation of marginal utility was also making by other author [6]. He shows that 
depending on which theory of utility is used, the interpretation of marginal utility can be meaningful or not. He 
also remarked that economists have commonly described utility as if it were quantifiable, that is, as if different 
levels of utility could be compared along a numerical scale. As such, having factor connect with production or 
profit on a diagram may help optimal allocation than the connection otherwise might have had contributing to 
bridging a simple information. In addition to helping establish optimal allocation, researcher have argued that a 
higher contribution to optimal resource allocation have had diminished marginal utility. This concept was first 
analyzed by Gossen who formulated the law of diminishing utility. Menger also developed the law of 
diminishing marginal utility. After Menger „goods not provide utile or units of utility”. Rather, he wrote that 
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„goods are valuable because they serve various uses whose importance differs”. However, Vijay found that 
optimal resource allocation is based on diminishing marginal utility [2]. He demonstrated this starting to Pareto 
efficiency. Vijay used Pareto efficiency resorting to a mathematical correlation among factors and goods. To 
make this, Vijay studied 1) the allocation of two inputs in the production of two goods, 2) the distribution of 
those goods among two consumers, 3) the output mix of those goods. There are two critical takeaways from the 
literature that has been reviewed to this point. First, the marginal utility plays an important role in optimal 
resource allocation phenomenon in using to resource. Second, the lack of knowledge about marginalism can 
affect resources and economic activities results. 
3.2. Chemicals in agriculture 
In agriculture, chemicals, as factors of production, are used in conventional technologies and are known as 
fertilizers, stimulants and pesticides. Generally, the role of chemicals is to control, prevent or reduce the negative 
impact of pests and to cover the foods needs. In this context, has increased the chemicals allocations, with 
negative impact on people health and environment. But not only, because the chemicals generate waste and 
packings, which create issues for people, environment and, additional, higher costs for producers. To that is time 
for a good management, cooperation between inputs producers, dealers and farmers (users). They can reduce the 
potential risk in the agriculture. Because toxicity of the main chemical used in crop production, chemical 
management is included in a legislative and institutional framework for long-term control, the aim being 
sustainability. Analyzing statistics (macro level and micro - farm level), it is found that does not acquire the 
entire quantity of chemicals produced [1]. Reporting the total quantity of chemicals used on arable land and, 
according to media productions made in Romania, the concentration of the active substance is not liable deadly 
virulence. To minimize environmental health risks and hence the population, present and future, it is necessary to 
strictly follow best agricultural practices, and the management of plant protection products, to know their 
traceability. Moreover, in the management of chemicals are required permanent information, training and 
awareness, and prevention of environmental pollution become indispensable to this process. The impact of 
chemicals and risks encourage farmers to use caution with these substances, so that even their packaging and 
waste, to have a harmless course, sustainable. In this order, farmers have a number of decisions to make with 
respect to the acquisition and allocation of production factors (quantity, time) and the correlation between 
consumption and production factors, aiming to identify the optimal allocation levels and to combine the factors 
that lead to the best economic results (at higher profit). 
3.3. Resource allocation in farms  
Several studies show that factors originate from inside of farm such as seeds, natural fertilizers and from 
outside of farms as chemicals, tractors, pesticides [8,9]. The relationships between farms and their “potential” in 
allocating production factors depend on the degree of farms development. The majority of Romanian farms are 
households (Law 18/1991). These represent 99.5% of the total of Romanian farms [10]. Households have a small 
area (3.57 hectares) and produce more for self-consumption. In addition, these farms have a low budget. All of 
these slow the interaction with chemicals allocation. In many cases, chemicals allocation is null. In order to 
these, households are unrepresentative for this study. Romanian agriculture includes, also, farms such as 
agricultural associations (Law 36/1991) and agricultural enterprises (Law 31/1990). These farms are 
representative for chemicals used because their economic potential.  
3.4. Case study- establishing the link between nitrogen based-chemical and corn 
This section will discusses production function method in order to establish the link between nitrogen-based 
chemicals and corn. Actually, this section answers to research question How can the optimal quantity of 
chemicals be determined so as to lead to higher production and profit? 
Introductory information 
a. Factor of production: nitrogen-based on chemical  
b. Crop: Corn 
c. Experimental data (Table 1) 
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Table 1. Correlation between quantity of nitrogen-based chemical and corn 
X 
Kg 
0 25 50 75 100 125 150 
Y 
Quintal/hectar 
48 52 54 56 57 53 51 
Source: Research data 
Where: x is quantity of nitrogen-based chemical (kg active substance/ha); y is quantity of corn (quintal/ha). 
 
The production function method 
 
First of all, is tested the type of function that expresses the link between corn and nitrogen by plotting 
empirical data (the amount allocated factors and yields obtained). The correlation between nitrogen and corn has 
a parabolic form, the mathematical expression being y = a + bx + cx2, where: 
a is quantity of corn without nitrogen allocation; 
b is increase of quantity of corn when nitrogen is appropriate (optimal allocation); 
c is decrease of quantity of corn when quantity of nitrogen is too higher.  
Actually, b and c represent the key points of the production function analysis in order to determine optimal 
nitrogen allocation.  
a
 
Fig.1(a) Mathematical correlation between nitrogen-based chemical and corn 
Source: Own calculation 
Starting from above methodology, estimated production of corn depending on the quantity of nitrogen is 
represented below.  
Table 2. Corn productionestimatedbased onthe quantity of nitrogenusingnonlinearregression model 
 
Nitrogen 
Xi Corn production estimated Ycalc 
0 47.81 
25 53.3625 
50 60.165 
75 68.2175 
100 77.52 
125 88.0725 
150 99.875 
Source: Own calculation 
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Resorting to regression function, the link between nitrogen-based chemical and corn is: 
y = -0.0012x
2
 + 0.1971x + 47.81 
R2>0.5 which means that exists a strong correlation between data inputs.  
Function analysis 
a. MT analysis (maximum technical or maximum of production) 
Maximum technical is obtaining when y' = 0. So, x MT = 83.53 kg nitrogen/ha. Replacing x in the previous 
formula, found that yMT = 57.61q/ha. This is the MT point. From this point, any allocation of x determines a 
continue decrease of y, which means that nitrogen allocation is no longer needed. 
b.OE analysis (economic optimum or maximum of profit) 
OE is a relation between marginal production value and marginal cost. These suppose inclusion of the corn 
price and the nitrogen cost in the production function formula.  
The incomes function is: ypy = 4443.3+17.74x–0.106x2. Equaling incomes derivate function to price factor 
obtains the quantity of factor that ensures the highest profit. So, 17.74-0.212x =1.5; xOE =76.74 kg nitrogen/ha 
and yOE =57.55q/ha. Also, the profit function is P = 1743.3+16.24x-0.106x2. Replacing xOE =76.74 in the 
function follows that the value of profit is P = 2365lei/ha.  
 
4. Conclusions 
 
To examine the effect optimal nitrogen-based on chemicals had on perceptions of bridging efficacy for the 
production corn, a regression was conducted (Fig. 1). To better examine the influence of nitrogen-based on 
chemicals, we first controlled for production corn by entering them into the first block of the equation. The 
nitrogen-based on chemicals variable was then entered into, also, the first block of the regression equation. The 
model regressing bridging self-efficacy on the number of 7 values was significant, y=47.81+0.1971x–0.0012x2, 
R2=0.94. Results indicate that allocation study predict self-efficacy, a= 47.81, b=0.1971, c=-0.0012. The value of 
R2 has shown a strong mathematical correlation between nitrogen data and corn ones. Also, the coefficients (a, b, 
c) demonstrated the evolution of corn when nitrogen is allocated. The value of b (b is equal to 0.1971) shown the 
maximum, which means that an additional quantity of nitrogen doesn’t increase the corn production. Resorting 
to derivative of y (y=47.81+0.1971x–0.0012x2), found that the best nitrogen allocation was equal to 83.53 kg/ha 
and corn was 57.61q/ha. These values provided the maximum technical (maximum of production). If the 
nitrogen was more than 83.53 values, means a continued decrease of corn. Furthermore, the nitrogen quantity 
over 83.53 values generated additional costs (37.5 lei per ha for each of additional allocation). Using the same y 
function and taking into consideration the economic values of corn price and nitrogen cost, the results showed 
that economic optimum consist in 76.74 kg nitrogen/ha and 57.55q corn/ha. So, any allocation of nitrogen 
determined a decrease of corn, but also the unjustified costs. The best allocation is when P is equal to 2365lei per 
ha, which means that marginal price is equal to marginal cost. Production results may represent the starting point 
for making recommendations on the use of factors by farmers in the area which were investigated functional 
links between production, on the one hand, and factors, on the other hand. The approach is specific farming 
works properly mentoring and advice, and manufacturers put increasing emphasis on efficiency in the use of 
factors. It is necessary to try to maintain as possible, under a certain control of the consumption of factors and 
thus spending it generates. The problem requires the existence of domain knowledge that can be acquired, if 
farms through expert guidance, advice, training, school, etc. Of great importance is to ensure a balance between 
factors and production, too.  
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